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SORBITOL-MODIFIED HYALURONIC ACID REDUCES OXIDATIVE
STRESS, APOPTOSIS AND MEDIATORS OF INFLAMMATION AND
CATABOLISM IN HUMAN OSTEOARTHRITIC CHONDROCYTES
J.-M. Mongkhon, M. Thach, Q. Shi, J.C. Fernandes, H. Fahmi,
M. Benderdour. Univ. of Montreal, Montreal, QC, Canada
Purpose: We design a study to elucidate the precise molecular mech-
anisms by which Sorbitol-modiﬁed hyaluronic acid (sorbitol/HA) exerts
beneﬁcial effects in osteoarthritis (OA).
Methods: Human OA chondrocytes were treated with increasing doses
of sorbitol/HA and thereafter with or without interleukin-1beta (IL-1b)
or hydrogen peroxide (H2O2). Signal transduction pathways and
parameters related to oxidative stress, apoptosis, inﬂammation, and
catabolism were investigated.
Results: Sorbitol/HA prevented IL-1 b-induced oxidative stress, as
measured by reactive oxygen species (ROS), p47-NADPH oxidase (p47-
NOX) phosphorylation, 4-hydroxynonenal (HNE) production and HNE-
metabolizing glutathione-s-transferase A4-4 (Gsta4-4) expression.
Moreover, sorbitol/HA stiﬂed IL-1b-induced metalloproteinase 13
(MMP-13), nitric oxide (NO) and prostaglandin E2 (PGE2) release as well
as inducible NO synthase expression. Investigation of the apoptosis
process revealed that this gel signiﬁcantly attenuated cell death, cas-
pase-3 activation and DNA fragmentation elicited by exposure to a
cytotoxic H2O2 dose. Examination of signalling pathway components
revealed that sorbitol/HA prevented IL-1b-induced p38 mitogen-acti-
vated protein kinase and nuclear factor-kappa B activation, but not that
of extracellular signal-regulated kinases 1 and 2.
Conclusions: Altogether, our ﬁndings support a beneﬁcial effect of
sorbitol/HA in OA through restoring redox status and reducing markers
of apoptosis, inﬂammation and catabolism involved in cartilage dam-
age.
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LOCAL RAS AND ROS IN THE HYPERTROPHIC DIFFERENTIATION OF
CHONDROCYTES
I. Tsukamoto y, F. Nakamura y, S. Inoue y, T. Teramura z, T. Takehara z,
Y. Onodera z, M. Akagi y. yDept. of Orthopaedic Surgery, Faculty of Med.,
Kinki Univ., Osaka-Sayama City, Japan; zDiv. of Cell Biology for
Regenerative Med., Inst. of Advanced Clinical Med., Kinki Univ., Osaka-
Sayama City, Japan
Purpose: In 2013, we reported that the local renin-angiotensin system
(RAS) can modulate the hypertrophic differentiation of chondrocytes
activating angiotensin II type 1 receptor (AT1R) or angiotensin II type 2
receptor (AT2R). However, the details of the modulation have not been
revealed. On the other hand, many researchers have already reported
that the local RAS can modulate hypertrophic changes modulating the
generations of reactive oxygen species (ROS) in vascular endothelial
cells. The purpose of our study is to reveal whether or not the local RAS
modulates the hypertrophic differentiation of chondrocytes modulating
the generations of ROS.
Methods: We cultured ATDC5 cell line under the inducing of 10 mg/ml
bovine insulin for 14 days after they had reached conﬂuence. Then, we
added 1.0 mg/ml angiotensin II, 1.0 mg/ml Olmesartan and 1.0 mg/ml
PD123319 to activate AT1R or AT2R separately. 6 times after the acti-
vation of the receptors, we measured the concentrations of ROS. We
also administered vitamin C, vitamin E and hyaluronic acid (HA) and
measured the concentrations of ROS and the expressions of type X
collagen (Col.X), matrix metalloproteinase 13 (MMP13) and runt-rela-
ted transcription factor (Runx2).
Results: The generations of ROS were downregulated activating AT1R
and were conversely upregulated activating AT2R. In the upregulated
hypertrophic differentiation caused by activating AT2R, the expressions
of Col.x, MMP13 and Runx2 and the generations of ROS were down-
regulated administering vitamin C, vitamin E and HA. However, in the
downregulated hypertrophic differentiation caused by activating AT1R,
we did not ﬁnd signiﬁcant changes in the the expressions of Col.x,
MMP13 and Runx2 and the generations of ROS administering vitamin C,
vitamin E and HA .
Conclusions: The local RAS could modulate the hypertrophic differ-
entiation of chondrocytes modulating the generations of ROS. Upre-
gulation of hypertrophic differentiation of chondrocytes cased by
activating AT2R could be suppressed by administering vitamin C, vita-
min E and HA.240
PANNEXIN 3: A NEW CHANNEL INTO THE MECHANISMS OF
OSTEOARTHRITIS
P. Moon, S. Penuela, D.W. Laird, F. Beier. Western Univ., London, ON,
Canada
Purpose: With the increasing burden of osteoarthritis (OA), there is a
tremendous need to understand the molecular pathways driving car-
tilage catabolism in OA. Because these mechanisms are incompletely
understood, we have no effective interventions to slow or halt disease
progression, therefore limiting our ability to treat patients to symp-
tomatic management and ultimately joint replacement. Ectopic
hypertrophic differentiation of articular chondrocytes has been
observed during various stages of the disease, and is an important
pathway causing cartilage loss and cell death. During endochondral
ossiﬁcation, increasing cell size, catabolic gene expression, reductions
in type II collagen and aggrecan and ultimately apoptosis lead to car-
tilage resorption in order make way for new bone, and some of these
processes are recapitulated to various degrees in OA. One possible key
factor in this process is Pannexin 3(Panx3), an ATP releasing channel
forming glycoprotein that we have shown to be upregulated 5-fold in
OA cartilage (rat) and in the hypertrophic zone of the growth plate.
Overexpression of Panx3 in ATDC5 cells leads to accelerated differ-
entiation while knockdown leads to delayed differentiation (Iwamoto
et al 2010). Therefore we hypothesize that Panx3 is an important
driver of chondrocyte hypertrophy and will investigate its role further
using mice deﬁcient for Panx3 both globally and speciﬁcally in the
cartilage.
Methods: Using the Cre-LoxP system we have generated mice with
global deletion of Panx3 (CMV-cre) and with cartilage speciﬁc deletion
(Col2Cre). Development of OA is assessed after surgically inducing OA.
Surgical destabilization of the medial meniscus (DMM) has been shown
to produce reliable OA like pathologies and this technique has been
performed on both mutant and control mice aged 20 weeks. 8 weeks
post-surgery, these mice are compared to assess the severity of OA
using the OARSI histopathological scoring system and immunohis-
tochemistry for markers of OA and hypertrophy (MMP13, ColX, matrix
breakdown products). Serum biomarkers of matrix breakdown will be
detected using ELISA. Additionally, to determine whether activity levels
change in parallel to OA severity, spontaneous activity is measured.
In parallel to our in vivo studies, using primary articular chondrocytes
isolated from both mutant and control mice, we further investigate
molecular pathways affected by Panx3. By stimulating these cells with
pro-inﬂammatory or pro-hypertrophic factors (IL-1b, IL8, TNFa) we can
measure differential responses using qPCR and western blot to identify
changes in the expression of OA-relevant genes and markers of hyper-
trophy while also measuring ATP release.
Results: Mice with whole body deletion of Panx3 develop normally,
with no growth-plate, joint or skeletal abnormalities, making them
suitable models to study OA progression. In control mice that have
undergone DMM surgery, we see strong increases in Panx3 protein
staining as detected by IHC, localized primarily around lesions con-
sistent with early cartilage degeneration. We expect to see that the loss
of Panx3, both in cartilage, and in the whole animal will lead to reduced
OA development following surgery in addition to reduced catabolic and
hypertrophic markers. We also expect that primary chondrocytes from
Panx3 deﬁcient mice will be less responsive to pro-inﬂammatory and
pro-hypertrophic stimuli, and that ATP release will also be impaired
compared to controls.
Conclusion: Our in vivo study will identify whether Panx3 plays a role
in OA progression using outcome measures ranging from histology to
functional deﬁciency’s while our in vitro studies will provide insight
into some of the downstream mechanisms responsible. This will
explore a novel target for the development of OA therapy.Cartilage Repair
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M2-MACROPHAGES MODULATE THE CARTILAGE-FORMING
CAPACITY OF HUMAN BONE MARROW-DERIVED MESENCHYMAL
STEM/PROGENITOR CELL
S.B. Sesia y, R. Duhr z, C. Medeiros da Cunha z, F. Wolf z, E. Padovan z,
G.C. Spagnoli z, I. Martin z, A. Barbero z. yUniv. Children’s Hosp. of Basle,
Basle, Switzerland; zDept. of Biomedicine, Univ. Hosp. of Basle, Basle,
Switzerland
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S148Purpose: Monocytes play a pivotal role in controlling tissue inﬂam-
mation and repair. They inﬁltrate the tissues and develop into twomain
subsets of macrophages in response to local signals: inﬂammatory (M1-
) and tissue-repair (M2-) macrophages (M4). Here we investigated
whether M1 and M24 differentially modulate chondrogenesis of mes-
enchymal stem/stromal cells (MSC).
Methods: Monocytes isolated from buffy-coats were cultured for 5 days
with GM-CSF or MCSF to induce respectively M1- or M24-polarization.
MSC were isolated from the bone marrow of a total of 9 patients and
expanded for two passages. MSC or skin ﬁbroblasts (as control cells) and
polarized macrophages were cultured in collagen scaffolds up to 3
weeks alone or after being mixed (at the ratio 1:1). In order to deter-
mine the reached cell number, selected constructs were generated by
combining carboxyﬂuorescein succinimidyl ester (CFSE) labeled MSC
with macrophages. To investigate the role of soluble factors in modu-
lating MSC differentiation, conditioned media harvested from M14 and
M24 were supplemented during the chondrogenic culture of MSC.
Resulting tissues and/or isolate cells were assessed histologically (gly-
cosaminoglycan, GAG), biochemically (GAG contents), cytoﬂuorimetri-
cally (percentage of cells expressing or not CD45, and CFSE) and by RT-
PCR (Sox9 and collagen-II)
Results: Coculture of MSC/M24 in scaffolds resulted in statistically
signiﬁcant 1.9-fold higher GAG content than what would be expected
(deﬁned as chondro-induction). Chondro-induction was lower (1.30.4)
and less reproducible when coculture was performed withM14 and did
not occur with skin ﬁbroblasts. GAG contents of constructs generated by
solely macrophages were undetectable. Histological analyses of con-
structs conﬁrmed the biochemical results. In the coculture there was no
modulation of the chondrogenic genes. As compared to monocultures,
in co-culture MSC and M24 numbers decreased less markedly (at day 7,
MSC were 84% and 42% of the initial number, M24 were 26% of the
initial number and undetectable, respectively for co-cultured and
monocultured cells).
Conclusions: We have demonstrated that coculture MSC/M42 results
in synergistic cartilage tissue formation, which is not mediated by
soluble factors alone. Further studies are envisioned to investigate
whether M42 modulate the survival of speciﬁc MSC sub-populations.
Finally, in vivo studies are necessary to assess the clinical relevance of
our ﬁndings in the context of cartilage repair.
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POSSIBLE CHONDROPROTECTIVE EFFECT OF CANAKINUMAB: AN IN
VITRO STUDY ON HUMAN OSTEOARTHRITIC CHONDROCYTES
S. Cheleschi y, N.A. Pascarelli y, O.M. Lucherini y, E. Crainz z, S. Tenti y,
M. Galeazzi y, G. Collodel x, A. Fioravanti y, L. Cantarini y. yDept. of Med.,
Surgery and NeuroSci., Rheumatology Unit, Siena, Italy; zOrthopaedics
and Traumatology Clinic, Univ. Hosp. of Siena, Siena, Italy; xDept. of
Molecular and Dev.al Med., Siena, Italy
Purpose: Canakinumab is a human IgGkmonoclonal antibody targeting
Interleukin (IL)-1b; its action involves the neutralization of IL-1b sig-
naling, resulting in suppression of inﬂammation in patients with
autoimmune disorders. IL-1b plays an important role also in the
destruction of cartilage and it is the most important cytokine in the
pathogenesis of osteoarthritis (OA). In response to IL-1b, chondrocytes
secrete other proinﬂammatory cytokines, neutral metalloproteinases
(MMPs), nitric oxide (NO); furthermore IL-1b inhibits chondrocytes
proliferation and induces apoptosis. The aim of our study was to eval-
uate the possible in vitro effect of canakinumab on cultures of human
OA chondrocytes cultivated in the presence or absence of tumor
necrosis factor (TNF)-a.
Methods: Human articular cartilage was obtained from the femoral
heads of 5 patients (range 63-71 years) with OA according to ACR cri-
teria undergoing surgery for total hip prostheses. The chondrocytes
were isolated from the articular cartilage using sequential enzymatic
digestion. The primary cultures so obtained were seeded in 6-well
plates until conﬂuence. Cells were then incubated with two concen-
trations (1mg/ml and 10mg/ml) of canakinumab alone or in combination
with TNF-a (10 ng/ml) for 48h. In these conditions we evaluated cell
viability, release of proteoglycans (PG) and NO in culture medium,
inducible nitric oxide synthase (iNOS) and MMP-1, 3, 13 expression, the
percentage of apoptosis and necrosis. After 24h we performed IL-1b
dosage (ELISA). Finally, we used a transmission electron microscope
(TEM) for morphological assessment. Data are expressed as the mean 
standard deviation of triplicate values for each experiment. Statisticalanalysis was performed using an analysis of variance followed by
Bonferroni multiple comparison tests.
Results: Canakinumab alone at the two concentrations studied hasn’t
cytotoxic effect, while TNF-a caused a signiﬁcant decrease of the per-
centage of viable cell (P < 0.001). Both concentrations of canakinumab
tested signiﬁcantly restored the cell viability in TNF-a stimulated
chondrocytes. As reported in Fig 1A, canakinumab alone at the two
concentrations studied didn’t modify signiﬁcantly IL-1b levels in the
culture medium, while TNF-a produced a signiﬁcant increase of IL-1b.
Both concentrations of canakinumab tested signiﬁcantly reduced IL-1b
production (Fig 1A). No signiﬁcant modiﬁcation of PG levels was
observed in the chondrocyte cultures treated with canakinumab alone.
The presence of TNF-a determined a signiﬁcant decrease (P < 0.001) in
PG levels and canakinumab signiﬁcantly increased the PG levels in cells
cultured with TNF-a in a dose-dependent manner. Incubation of
chondrocytes with canakinumab alone didn’t affect nitrite release. The
presence of TNF-a induced a signiﬁcant increase (P < 0.001) in NO
production. However, after co-incubation with TNF-a and canakinu-
mab, at different concentrations, the levels of NO decreased sig-
niﬁcantly (1mg/ml, P < 0.01; 10mg/ml, P < 0.01). The data of the NO
levels were conﬁrmed by the immunocytochemistry assay for iNOS.
TNF-a stimulated chondrocytes displayed a signiﬁcant increase of
MMP-1, 3, 13 gene expression; a signiﬁcant reduction was shownwhen
cells were co-treated with TNF-a and canakinumab (Fig 1B). Our
experiments conﬁrmed the pro-apoptotic effect of TNF-a and demon-
strated a protective effect of canakinumab at two concentrations
examined. The results concerning biochemical data were further con-
ﬁrmed by the morphological ﬁndings obtained by TEM.
Conclusions: It is generally accepted that IL-1b and TNF-a are the
pivotal cytokines involved in OA physiopathology. Hence, the neutral-
ization of these cytokines appears to be a logical development for OA
therapy. In the present study we showed, for the ﬁrst time, that cana-
kinumab counteracts the negative effect of TNF-a on OA chondrocyte
cultures, probably inhibiting IL-1b signaling.
Figure 1. A) IL-1b levels in the culture medium; B)MMP-1, 3, 13 gene
expression.
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BRAZILIN BLOCKS THE INDUCTION OF NFKB1/P50 IN HUMAN
CHONDROCYTES AND SYNOVIOCYTES
D. Bieder y, S.M. Walzer y, R. Windhager y, H. Viernstein z, S. Toegel y,z.
yKarl Chiari Lab for Orthopaedic Biology, Dept. of Orthopaedics, Med.
Univ. of Vienna, Vienna, Australia; zDept. of Pharmaceutical Technology
and Biopharmaceutics, Univ. of Vienna, Vienna, Australia
Purpose: Brazilin is one major constituent of Caesalpinia sappan and is
known to possess anti-bacterial, anti-oxidative, and anti-inﬂammatory
activities. Osteoarthritis (OA) creates a disequilibrium between the
catabolic and anabolic activities of chondrocytes in remodeling the
